Kirsten rat sarcoma viral oncogene homolog (KRAS) are two of the most notable driver genes in lung cancer, whilst vascular endothelial growth factor (VEGF) signaling serves a critical function in tumor angiogenesis. However, few studies have focused on the potential connection between EGFR/KRAS mutational status, and VEGFA, VEGF receptor (VEGFR)1 and VEGFR2 expression in lung adenocarcinoma. EGFR (exon 19, 20 and 21) and KRAS (exon 2) mutations were detected using an amplification refractory mutation system technique, and the expression of VEGFA, VEGFR1 and VEGFR2 was analyzed using immunohistochemistry in 204 patients with lung adenocarcinoma. Associations between EGFR/KRAS mutational status and VEGFA, VEGFR1, and VEGFR2 expression was analyzed using Pearson χ² tests. It was revealed that EGFR 21 exon (P= 0.033) and EGFR 20 exon (P= 0.002) mutated tumors exhibited a significantly higher level of expression of VEGFA. EGFR 21 exon mutant tumors additionally demonstrated a significantly higher level of co-expression of VEGFA and VEGFR1 (P<0.001). EGFR 19 exon mutation was significantly associated with low levels of VEGFR1 (P= 0.008). KRAS mutation was significantly associated with a high level of co-expression of VEGFA, VEGFR1 and VEGFR2 (P= 0.035), but no such association with the individual expression of VEGFA, VEGFR1 or VEGFR2 was identified. However, neither KRAS or EGFR mutations exhibited an association with the expression of VEGFR2. The present study may help in the treatment of various patients with KRAS or subtype of EGFR mutation with anti-angiogenesis therapy.
Introduction
Lung cancer is one of the most common cancer types in terms of incidence and mortality at present globally (1) , and among all the different types, non-small cell lung cancer (NSCLC) accounts for 80-85% (2) . NSCLC may be characterized by the driver gene mutation, particularly by epidermal growth factor receptor (EGFR) and kirsten rat sarcoma viral oncogene homolog (KRAS) mutations. It has previously been reported that EGFR and KRAS mutation occurs in 59.4 and 7.4%, respectively, of all Asian lung adenocarcinoma cases (3) . A number of EGFR tyrosine kinase inhibitors (TKIs) have become the first line therapy for lung adenocarcinoma with sensitive EGFR mutations (4, 5) . Even though there has been progress in molecular target therapy, the 5-year survival rate remains <15% (6) , which is largely due to TKI-resistance and metastasis (7, 8) . For the purpose of improving understanding of the mechanisms of resistance to TKIs, the molecular categorization of patients with EGFR/KRAS mutations in NSCLC is required.
Vascular endothelial growth factor (VEGF) signaling serves a pivotal function in tumor angiogenesis and is associated with an increased tumor recurrence and metastasis (9) (10) (11) (12) . As a major regulator of angiogenesis, VEGFA binds to the VEGF receptor (VEGFR)1 and VEGFR2, which are important members of the family of receptor tyrosine kinases (RTKs). They stimulate multiple pathways, including mitogen-activated protein kinases, phosphoinositide 3-kinases (PI3Ks), and protein kinase B (Akt) (13) (14) (15) , to promote recurrence and metastases. VEGFR1 signaling regulates endothelial cell survival and VEGFR2 signaling regulates the differentiation of endothelial cells into capillary tubes (16) . By inhibiting the VEGFA-VEGFR signaling pathway, a number of strategies for the therapy of different types of cancer have been established, including bevacizumab, an antibody that targets VEGFA, Association between EGFR/KRAS mutation and expression of VEGFA, VEGFR and VEGFR2 in lung adenocarcinoma XIAO (17, 18) . In order to overcome resistance and combine more rationally the two types of targeted therapy, it is crucial to firstly reveal the association among different driver genes associated with targeted efficacy and drug-resistance. In the present study, the aim was to establish the association between VEGFA, VEGFR1 and VEGFR2 expression and EGFR/KRAS mutations. Furthermore, this study aimed to determine the potential benefit of TKIs and anti-angiogenesis therapy, and elucidate potential 'cross resistanceʼ occurrences to the aforementioned therapies due to associated driver gene mutations and protein expression in lung adenocarcinoma. It may provide a more improved understanding of how to treat various patients with KRAS or a subtype of the EGFR mutation with anti-angiogenesis therapy. (19) . Smoking history was marked as either yes or no (patients were defined as non-smokers if they had never smoked in their lifetime).
Materials and methods

Sample
Immunohistochemistry (IHC)
. IHC was performed on formalin-fixed paraffin-embedded (FFPE) specimens (4 µm) by using antibodies for VEGFA (mouse monoclonal IgG; 1:200; cat no. ab1316), VEGFR1 (rabbit monoclonal IgG; 1:50; cat no. ab32152) (both from Abcam, Cambridge, UK) and VEGFR2 (rabbit monoclonal IgG; 1:200; cat no. 55B11; Cell Signaling Technologies, Inc., Danvers, MA, USA). Following baking in a 65˚C oven (Fuzhou Maixin Biotech Co., Ltd., Fuzhou, China) for 1 h, the FFPE specimens were deparaffinized in xylene, rehydrated in graded alcohol and then washed with phosphate buffer saline (PBS) three times for 5 min. For the purpose of antigen retrieval, the sections were boiled for 3 min at 100˚C in citric acid-based buffer at pH 6.0 for VEGFA antigen and EDTA-based buffer at pH 9.0 for VEGFR1 and VEGFR2 antigens. Then, the slides were cooled to room temperature and rinsed with PBS 3 times for 5 min. Subsequently, the activity of endogenous peroxidase was blocked by 3% hydrogen peroxide for 20 min at room temperature, and the slides were incubated with primary antibodies at 4˚C overnight (for >12 h). Subsequently, slides were rinsed using PBS three times for 5 min at room temperature and incubated in horseradish peroxidase-conjugated secondary antibodies (Polymer detection kit for mouse and rabbit; used as supplied); PV-6000; OriGene Technologies, Inc. (Beijing, China) for 1 h at 37˚C. Each section was washed as before and visualized using the chromogen diaminobenzidine. Finally, prior to being dehydrated and mounted, the slides were counterstained with hematoxylin for two min at room temperature and then were observed at x200 magnification using a light microscope.
DNA extraction and amplification-refractory mutation system (ARMS) assay. Each case was analyzed for the presence of EGFR and KRAS mutations. DNA extraction was applied to the FFPE sections, which was performed using a QIAamp DNA FFPE Tissue kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's protocol. The presence of EGFR and KRAS mutations was detected using the Human EGFR Gene Mutation Detection kit and the Human KRAS Gene Mutation Detection kit (Fluorescent polymerase chain reaction; both from Beijing ACCB Biotech Ltd., Beijing, China), which was approved by the State Food and Drug Administration for clinical application in China. Polymorphisms of the EGFR gene in exon 19 (E19del), 20 (T790M S768I and E20ins) and 21 (L861Q and L858R), and KRAS gene in exon 2 were detected. Analysis of the presence of these mutations was performed using a LightCycler480 (Roche Diagnostic, Basel, Switzerland).
Interpretation of protein expression. Two independent well-experienced pathologists without knowledge of the clinicopathological information of each patient assessed the VEGFA, VEGFR1 and VEGFR2 expression. For the expression of VEGFA and VEGFR1, each slide was evaluated according to the staining intensity and percentage of positive tumor cells. Scores for the staining intensity were classified as 0 (negative), 1 (weak), 2 (moderate) and 3 (strong) (Fig. 1) . Scores for the percentage of tumor cells for 0-10, 11-25, 26-50, 51-75 and >75% were classified as 0, 1, 2, 3 and 4, respectively. The scores of the staining intensity was multiplied by the scores of the percentage of stained cells (0-100%). The finally weighted scores of 0-1, 2-3, 4-6 and 7-12 were classified as-, +, ++ and +++, respectively (20) . The samples that had weighted scores of 0-1 were classified as negative expression and the remaining samples which had weighted scores >2 were classified as positive expression.
Samples were defined as positive for VEGFR2 cytoplasmic staining when ≥5% of the tumor cells presented weak, moderate or strong expression. Samples were defined as positive for VEGFR2 vascular staining when the number of positive vessels was >2 (21) . Positive expression of VEGFR2 was defined as either positivity in the tumor cells or in the tumor stromal vasculature.
Statistical analysis. SPSS statistical software (version 17; SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. P<0.05 was considered to indicate a statistically significant difference. Associations between clinicopathological variables (sex, age, smoking status, lymph node metastasis and clinical stage) and EGFR/KRAS mutant status or VEGFA/VEGFR1/VEGFR2 expression were analyzed using Pearson's χ² tests, which was also used to evaluate the association between VEGFA/VEGFR1/VEGFR2 expression and mutations in EGFR and KRAS. The correlation between VEGFA, VEGFR1 and VEGFR2 expression was analyzed using Spearman's rank correlation coefficient.
Results
VEGFA, VEGFR1 and VEGFR2 expression, and their
association with the clinicopathological characteristics of patients with lung adenocarcinoma. VEGFA and VEGFR1 staining were localized primarily to the tumor cell cytoplasm, while VEGFR2 was localized to the tumor cell cytoplasm and tumor stromal vasculature (Fig. 1) In female patients, EGFR mutation frequency was 62.6% (62/99) which was significantly higher compared with male patients (40.0%; 42/105; P= 0.001), and in non-smokers, the frequency of EGFR mutations was 63.0% (68/108) which was significantly higher compared with smokers (37.5%; 36/96; P<0.001). It was concluded that there was a significant association between EGFR mutation status and sex and smoking history, but there was no notable association between EGFR mutations and age, lymph node metastasis, or clinical stage involvement (Table II) . In male patients, KRAS mutation frequency was 13.3% (14/105) which was significantly higher compared with female patients (5.1%; 5/99; P= 0.042) and in smokers, the frequency of KRAS mutations was 13.5% (13/96) which was significantly higher compared with non-smokers (5.6%, 6/108; P=0.050). It was concluded that there were significant associations between KRAS mutation status and sex and smoking history. However, there was no significant association identified between KRAS mutation status and age, lymph node metastasis or clinical stage involvement (Table III) .
Correlation between each subtype of EGFR mutation and the expression of VEGFA, VEGFR1 and VEGFR2. EGFR 20 and 21 exon mutation frequency in VEGFA-positive samples was 8.6% (12/140) and 29.3% (41/140), respectively. This was significantly higher compared with in the VEGFA-negative samples (1.6%, 1/64; P= 0.033) and (9.4%, 6/64; P= 0.002). EGFR 19 exon mutation frequency in VEGFA-positive samples was 20.0% (28/140), which was insignificantly lower compared with VEGFA-negative samples (25.0%; 16/64; P=0.420). Additionally, the EGFR 19 exon mutation frequency in VEGFR1-positive samples was 15.6% (22/141), significantly lower compared with VEGFR1-negative samples (31.7%; 20/63; P= 0.008). A high level of VEGFA and VEGFR1 co-expression was significantly correlated with EGFR 21 exon mutation (P<0.001). However, there was no significant associations between VEGFR2 expression or the co-expression of VEGFA/VEGFR1/VEGFR2 and each subtype of EGFR mutation status (Table IV) . Association between KRAS mutation, and the expression of VEGFA, VEGFR1 and VEGFR2. KRAS mutation frequency in the VEGFA-positive samples was 10.0% (14/140), which was higher compared with the negative samples (7.8%; 5/64), but with no statistical significance between them (P= 0.618). KRAS mutation frequency in the VEGFR1-positive samples was 11.3% (16/141), which was insignificantly higher compared with the VEGFR1-negative samples (4.8%; 3/63) (P= 0.114). KRAS mutation frequency in the VEGFR2-positive samples was 12.2% (12/98), being insignificantly higher compared with the VEGFR2 samples (6.6%; 7/106) (P= 0.166). However, it was revealed that a high level of co-expression of VEGFA, VEGFR1 and VEGFR2 was significantly associated with KRAS mutation (P=0.035; Table IV) .
Discussion
According to characterizations by the driver gene mutation, patients with NSCLC have different features and may benefit from targeted therapies. There has been great improvements in the targeted therapeutic outcome for selected patient groups based on driver gene mutations (22) . However, the application of TKIs remains with numerous limitations at present. A majority of patients with KRAS or EGFR (exon 20) mutations may not benefit from EGFR inhibition (23) (24) (25) . Meanwhile, due to the complex network that drives KRAS tumors, a combinatorial multi-target/multi-pathway inhibitory approach may be necessary to modulate cell growth in patients with KRAS mutant NSCLC (26-30) . The present study focused on EGFR/KRAS mutations in patients with lung adenocarcinoma and the expression of a number of angiogenic proteins, and analyzed the clinicopathological features of these patients in order to better define their characteristics. It may provide further evidence for the use of certain molecular markers for targeted therapy, namely EGFR/KRAS, VEGFA, VEGFR1 and VEGFR2.
In all 204 cases of patients with lung adenocarcinoma included in the present study, high expression rates of VEGFA (68.6%), VEGFR1 (69.1%) and VEGFR2 (48%) were identified. The mutation rates of EGFR exons (19-21) and KRAS exon 2 were 51.0 and 9.3%, respectively. The proportion of exon 19, Table I . Association between clinicopathological characteristics and VEGFA, VEGFR1 or VEGFR2 expression in patients with lung adenocarcinoma. TNM, tumor-node-metastasis; VEGFA, vascular endothelial growth factor A; VEGFR, vascular endothelial growth factor receptor. Table II . Correlation between VEGFR1 and VEGFR2 expression in lung adenocarcinoma. (33) demonstrated that mutant EGFR enhanced the induction of VEGF by hypoxia and insulin-like growth factor-1 via a PI3 kinase-dependent pathway. However, the association between different subtypes of EGFR mutation status and VEGFA or RTK expression have seldom been revealed. In the present study, it was revealed that all patients with lung adenocarcinoma harboring either EGFR 20 or 21 exon mutations had a high level of VEGFA expression. However, there was no association between EGFR 19 mutation and VEGFA expression. It may provide the suggestion that patients harboring either EGFR 20 or 21 exon mutations ought to have the priority of anti-VEGFA targeted therapy.
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In the present study, it was observed that the high level of co-expression of VEGFA and VEGFR1 were significantly associated with the EGFR 21 mutation. Zhang et al (16) revealed that VEGF-induced accumulation of VEGFR1 occurs through Akt and ERK signaling. Owing to the high level of co-expression of VEGFA and VEGFR1, it may provide the potential for EGFR 21 mutant patients to receive inhibitors of the Akt and ERK signaling pathway to downregulate VEGFR1, which further reduces the combination of VEGFA and VEGFR1. Notably, it was identified that the EGFR 19 exon mutation frequency in the VEGFA-positive cases was only 20% (28/140), lower compared with that in the negative samples (25%, 16/64), despite the lack of statistical significance between them (P= 0.42). In addition, lower VEGFR1 expression was significantly associated with the EGFR 19 exon mutation. Liu et al (34) demonstrated that compared with patients with EGFR exon 21 mutations, patients with EGFR exon 19 mutations exhibit an increased objective response rate, progression-free survival time and overall survival time following EGFR-TKI therapy. Further studies may be required to explore whether there is a potential association between the two phenomena.
Additionally, there was no significant association identified between VEGFR2 expression and each subtype of EGFR or KRAS mutation. To the best of our knowledge, only a few previous studies have reported the potential association between KRAS gene status and RTK (VEGFR1 and VEGFR2) expression (35, 36) , and there were no associated reports on the correlation of EGFR gene status and RTK (VEGFR1 and VEGFR2) expression. Schimanski et al (35) found that KRAS mutation can increase the expression of VEGFR1 and VEGFR2 in colorectal cancer, but the mechanisms remain unknown. Further validation of the associations identified between RTK expression, EGFR and KRAS mutant status in a larger cohort of patients with lung adenocarcinoma, in addition to further studies on the mechanism are warranted.
A number of studies have reported that VEGFA expression may be upregulated by oncogene activation of KRAS in Table III . Association between clinicopathological characteristics and EGFR and KRAS mutations in patients with lung adenocarcinoma. TNM, tumor-node-metastasis; EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog.
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different tumor types (37) and KRAS mutation upregulates VEGF through PI3K-dependent pathways in colon cancer cells (38) . However, in the present study, no significant association between KRAS mutation status and individual expression of VEGFA, VEGFR1 or VEGFR2 was identified. Notably, the co-expression of VEGFA, VEGFR1 and VEGFR2 presented in 26% of the cases, and demonstrated a statistically significant association with the presence of KRAS mutations (16.7% with KRAS mutations vs. 6.6% with KRAS wild type). The different results from previous studies may be ascribed to a number of reasons. First, the pathological features varied among different studies, and retrospectively collected data resulted in a potential bias, such as selection bias. Second, the heterogeneity of tumor tissue among studies resulted in different conclusions. Finally, it suggests that only in a number of 'more activeʼ neoplasms with KRAS stimulation may evident associations be identified between KRAS gene and numerous proteins, including VEGFA and RTKs. Conclusively, the upregulation of VEGFA may be associated with different types of EGFR mutation. Low level expression of VEGFR1 is more likely to be associated with EGFR 19 exon mutations. High level co-expression of VEGFA and VEGFR1 is associated with EGFR 21 exon mutations, and the high level of co-expression of VEGFA, VEGFR1 and VEGFR2 is associated with KRAS mutations. It remains requisite to evaluate the exact benefit of anti-angiogenesis therapy in patients with different RTK expression. However, confirmation of the different subtypes of EGFR and KRAS mutation status may provide the reference to predict anti-angiogenesis therapeutic effects, and the resistance by neoplasm.
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